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[if i ] 

7k*^#i?^'ttS?BM4>T*C ZSlc J: ^ WfiKSttf-x 'J =» > H B H ^ ^ x - ^ t *> o 
T . 

^ x - $ ft £i£ T *S II ^fa^isHc C 0 P i> J; V&te £ Srv^Tr^: 

G r own - i nXffi7 l-^i-M^ti, fc*o x O x - ^ ^ taX ^ i f f!9 x ^ > Mil 
SBisS <b * -5 C t ft & ^ -* -5 x 'iny^i-n, 
[iMH 2 ] 

HU IB ^ x - ;n <t> ffl |*| -ft |bJ [c 4? it § HfUffi 1 £tV <^ mm t -i X is «k v D Z 4@ <^ 5> ffi i?*±3 - 
t 2 ilT*S 3 IS tsa i leis^x ^>^x-^ 0 
[If^Jl3] 

C Z v£ ic «k 0 if fig x 'i 3 > Mft^IM i^iSGr own-i n Xf% 7 - x n > 
*SHr^7jf«]^taUc C O P is J: Vlgfi * ^ x ? ^# £i* . fc-o. if V n ^ifflM 

z<nm±2 nfzP i ^isiigi § ti-rmmmm^^ § iwaug-cgi § ±w * c 1 1 * , ^ 

[If 4 ] 
[If 5 ] 

Ht)IB^VII'l4#fflM+lcfclt S*ifiag£jb*. *PrtJEE^ 4 . 0-9. 33kPa(30-7 
0 torr) icWLT 3 %W_L 1 0 % JilT*>IGH lc S£ $ tiT # -5 3 h * iff & i: -5 fit^I 3 

[If >Rm 6 ] 

if 3 frhs <?)\->-f iih- mm <?>fi iimn: iz is i-t z p i snagi § ±w jKS&b t 2 

[If 7 ] 

•b^x-^x^ ^t§:^tfitt^y n > ^ x - ^<^M3t^vSo 
[If 8 ] 

T--i|l^ilt: i: ^iffiS i-^If>J<JM 7 IQ!£<7>x 'J n > ^ x - ^^Mat^vio 



[ 0 0 0 1 ] 

3 > ^ oc — <^ 3 >• 'J ^ > S<^> W^Tj >£ \z W L , iff iz XP(5 <30 ftv^ W> £ 

G r o w n - i n 7 ') - ^ x. - ^ <r> igat \z ffl T £F 31 ft JSttr lc W -5 . 

[ 0 0 0 2 ] 

>• 'j n>^x-A^)iftT'J>l»y 'j n > f ^ r^if^S t L T fti© * ^ ^) tts CZ 
•9 . H^^'V * 1*1 tc ffML/iy 'J 3 > M* m ic M *S H §SSL> >u 'V # & uU *o B H B t@i^ 

*ft**^«jss%^i±i-f * - »c «j: *> s mm^^r^iz >■ =i>m*eii£WfiK-t-5o 

[ 0 0 0 3 ] 

Gr own-i n Xffi*^ i: § 3 t i) s ft^tlTU5. ftifi^Gr own-i n yv fog ti . 
te^ IBx -j n 7 ^ 7. 7 &l/r^?Lf*2|$BJaK: COPifc 

tt * -f h'WIoTi 9 . M^Iisl<^ ti 'J > 70SF f&^lisl 3 <b IC ^?L3!& V 

T m x 'J 3 > m<?) G r own- i nX|7 V - 5 . *a H ^7j [S] iz is 1+ £ mm & * 

[ 0 0 0 4 ] 

JfS Hr ^7j IS] <n + m ft S \z ') > r ( # ) O S F f&^Iigl > 7* ^ ic L T § . 'J > 

o -77. > -ro S F fE£«isfc<7>*U)!U±i*iiltff ft^il^iaSL «k v m m ffi ft J» 40 « & ( P 

r o w n - i nXRS7 'j ( P VSBfcS) T° & *) . WtM #f ft ffll M tt W x => > 

IwGr own-i nXI^ - $R Jft ( p I $S t«£ ) *> 5 . 
[ 0 0 0 5 ] 

[ 0 0 0 6 ] 

73 [»]<?> I? I2£t&\z C O P % ¥t$L-t % o _h ita <& TlcffoT > 70SF ^^^isX ii 
^fE^i-^o *>ft^lc. Sl^iiiiilJ, HI 2 ^<?> A&W.-?cDmmmizW*M LT v^s 

o 

[ 0 0 0 7 ] 

K 7 ^ 7, ? t C O P t ft ic ^ X Jff '|4 * -^fb 2 H± *S ft G r own-i n X Pfi T 
3b S fc*. C O P <ry~h fr>h $ < . ^^tt tc S W # t o T . t^* tt t o iJ «b 0 

2 +tcDfig^_hT-^^ti5 iH'OSF f££ % B H H ^F-IH tc fu g $ i± « ^ IS H ^F -\ 

[ 0 0 0 8 ] 

L^Lft**^. fi¥lc felt mf*lH]g&'7)^ L v^lHfblcff C OP^^Stt^^^jb* 
*&JSf $ ti*6 «> x ifi^7X? tfticCOP^^^^Kiht^^ftti^DTtto 3 ^ 
^k:UE^.*^»f<^-o ^ fF^PS^ l ^ VJtf I^F^tt 2 tie® $ iiX^Z «k 7 *^X»7>ft 



[iff fflCM 1 1 iff m 2001-220289 
[iff ffJcM 2 ] iff m 2002-187794 ^1>SJ 
[iffff£itK3 ] iff^ 2000-28149 1 ^1>S5 
[ifffF£itK4 ] nm 2001-335396 
[ 0 0 0 9 ] 

iff fflcm 1 ^:^iff ft Jem 2 lcK«£ tlTu ^^Slcteft SGrown-inXPI-? 

I t <?) T* 5 » 
[0010] 

HKt^^^Hrt^M^^SSUieii. tt"fcg&T<7>S£ftffiG c J: 0 ^IH^T^SSUieG 
e 1)*±t% Zffifa-&^-to <£<o*SS. 3l_h WMJg*& * lcffi;T£ i± ft ;b* <b 2 -t±fc^*S 
B^^^Dfffilcfctt^XPig^tR. iff ic 'J > 70 SF fEMiaiUi. flTloife^, 
V^ftlcft£„ *<?>*SS. M > SF %^^^^*S H B H *^^lc«ii^-t§[Sa^iISfiff 
<7>^l ±W &#*J*Jf! L T t . G r o w n - i n XPf@ 7 'J - <7> J$ li *S H m lz mfeftiz 
± C § 1z rt T 3h *) . ^^%^\^<r>^^Xmy ') - it-f Z Z\ t It T* § * 
[001 1 ] 

*>ft^lc. Kte * 7 7.9JkvC 0 P li. M > 70 S F f&^««l*lfiJ^MX^^^(cf£4i 
L4i^li^iw:t, 'J>r0SFMIi«iS#, M lc it * <r> ?M!l<7>BfcffS#r £tS fl£ii4KJ& 
&Vifr#£#f mjffftO^^lc t £ C ft BP ^ x :tiMo^li«*'Grown-i nXffi7 

[0012] 

ztUcWL. *3 B B B 31 ± i-np tc t+ £ * -y h '/-^Ifat^X^lc <fc •) . » III ft & *> *S H * 

gfiG e t m-frz fi «k 9 < -t* 3 £ fr^mt ft So ^i-fzt. m _hi-fMS^& * lz 
ffic~F2 -t±ft;b*<b/&JI2 -t± fz *S H B H <?> % Df ffl tc 4? It § -J > 7 (ft) 0 SF f&£^t5£<7>ff;ftli 
x 0 3 \z ^ i" £ 7 fc x lc 0 ffi [S] <?> u u t 5fc ** 7 ^ -y h- L T U ^ ff^ft ft & . * L 
T > 70 SF 3£&&1&b*ifc&*fo&\zmW>* Z&%mWftfll<nn\ 

•zftm-tz z tiz & . ffim&n$}<7)£i&-%xffi-7 >) -m-rs - t ^or^icftSo *>ft^ 

ICS3TJI4, 3 <7) 31 _h l-f j$ Jg&fM± B - C <^mm 1*1 i: ft -5 . 
[0013] 

ft 4? . f )ti H tc felt5Xffi7 - fb<7> ftH<^ ^gf HTIJ, m*. Itftftlcffi 3 & ^Jff fF 

-%M 4 lc^$ tis «k 7 ft^H^I § ±i-f Ef?<7>7j<a H - 3tili^l_hi-f^l*llC4iAt- 

[%BH<7>^^] 

[fEB^^^v^ l «k 7 kt«ii] 
[0014] 

iff fF^:^ 1 &^iff fF^l^ 2 lclfi«j? *iTv> S «k 7 ftXK^fliftOffllk: «k <£> G r own- i 
t5 E^^M^fiff^ filial ±.i-f&f¥*MH-? Z'&^t)**** o c<^/ia6. ^M'I47> T 6*1E 
[0015] 

liT, Grown-in 7 - ffceo a6 <JO 31 _h l-f iS SIBH : m 3 + 

B - C c^fBH) < . Gr own-i n^Pfi7 ') - i B H B ^f £^rf fili)*| Lv^ 0 ^<r>^ 
* . G r own- i n yX FlS 7 - IS bb ^ ^ bh ^ lie S o T # 5 3 i: ^SiT-J) •) . G r o 
wn-i nyYP§7 l J-|SH<^iU3H^St , )* s {&< ; 5r'g>o C^f-^lc. Gr own-i nX 

Fig ^ m -mE>^mm^ 7 h ^gij^^Bn t * s ^ja***> o fc. ^ tc . is^if ^ 200m 

m. 3 0 0 mm^§(^5tftoT, Ge<Gc<7>^^^iS^i--g,Ci:)b*ffliti:ft > ). 
XF(@7 'j -{t<7>fzib<r>%\ £ 1.1-fmmmmB - C l±3 'btc^ < ft^fflfSlib** »j . zti^7L 



- 9 * >i - -t z> Wr **sa * n t \>tz . 

[0016] 

2 ^ ic . Grown-in Xfog 7 'J - m*g|&<7> 31 _h l-fig SiEB^ 7 *, . V£$k<?) G 

r own - i n Xm y ') - *S Hr ^ M H ~t £ M J£ *fi H (^-^> : 03*c7)E-Cc7) 

$B H ) i)*n\,*fzdb. m § _h i-f t£ * G r o w n - i n X Pg 7 - jjg n tc 4? u T . ^JLM 
^ G r o w n - i n Xm y ') (P V«J*) T *> § i&lflffi 1 SdtS . fe^m^ ') 

n > 1^) Grown-in Xm y l ) -DBfiS ( P I SRisS) T* 3b £ Wi M *f ft 10 ( is «k V 
s 1 2X1 0 1 7 atonis/cni 3 i^T^{&^^^ B H B^Jt^lc ti 'J > ro S F 3Bi>£) tH^mtEL 

#f tn iff '14 3t?»±3 - T 4 < * * *im& f)*3b& m m o . 

£:lcft£ 0 TnMx^iigffwgttltsSU, C 0 P ^$Et£ * ^ x 7 fit+Tft < . 

mmffiitiW^^ <n 2 KXmx*3b& OSF^^ofr*) h teftft £fc»-7 --c*><5'&Wfc**> 
zco «k 7 ftXKfc*l¥fc L ftv*4RJsfc<7>*|* ~t ft *> D Z 4g fc*^ x - ft T^±9 — i: 
ft£ 0 c ti«b^ I G^t D zm<7>^fi% — fttfilz «k o T . r^Mxtftt^tfbot, fSI 
9 <7>{ftT^ffl < o c<t> «fc 7 ft^±3—ft*lHlS|-t* fc*>lc li. PVM, Ztzlt. P lf« 
<7>***<bftSGr o w n - i n X fog 7 >; — flSH fc*£!li£ T § tl li&v* . L^L, fix lc. P V 
I^A^^^Gr own-i nX|7 -J - *S H, ;b* M It T* § tz t L T t . #Slc^^*f 

CO i 3 <12X10 17 atoms/cm 3 ) icfalKSii. m^M^ifr *. ft t u 

C ^ o T t >f X^tt««?ii1ff m^/fc Jc 1/ ^ <7) 2 ^XP(g^ 

$ 1±ft P I «isi<?) <b ft £Gr own-in XP(g 7 -J -Jfgii fc^^tt J: < ^/^tc 
WfiKT ^:!: ItlTv^c^, t^*. P I «la|<^ ^ft^Gr own-in XP(g y 
M -JK^*#*fc«x^^l§±t-f3SJS^-^>tlli^^lc» < . P I 4fifti<?>A^*b ft « x 
-^liMaHTS ft^o fc. 
[0017] 

*%B^<7)g^[i. Grown — inXR67«;— JKS<7>7^x PIMi^^Grow 

n- i nxmy ') -^n^^Mtej: < $^icw/^t§ §^ n > ip-isn^w v£ 

~t & z tlz3b& , *^BH<^giJ<^ g it . «k 7 ftx 3>$g B H B ff^^Sl: «k ») Mat^ 
[ia*«^t4feft^fl!:] 

[0018] 

XmfrtnUmiz «k s G r own-i n -j - *S H <?> W i£ T'PII t ft • 

[0019] 

I? lie. *Sli4"frg&-?<7>SJ$ftEG c ^ISH^IH^T^fi^UieG e tm-frzil «fc 0 
^cS <t4i7tl*$nfe*f h '/->fllia^fflv^T . ^1 _h l-fil S * ^ «- \z {& T $ -t± ft 
fc*^>mJfSS*^^$ H±/c i: §<?>*gS*»rffik:4JttS 0 SF IE£4iBi^ U ¥M1£~t S italc 

fclt*XRI^^l±x H 4 tc^-T «k 7 \z . -j --fb^^^<JO^I_hi-fMSIBHB' — C' 

[ 0 0 2 0 ] 

H2IC z<d^\ ±.i-fmmmm<7>$k±i$. osf > ^m±^i^t s mB,^^m\zmm-t^> 

ESa^lISV o !b*_h*»^ ^ 7 7. 9 % m ^IS V d ^f&T"t -5 c i: tc J: 



- -7'co t § <?>m 3 b - c \zit-<xmmm. 3 4^17^ te^ui&mm. iP*>m 

[ 0 0 2 1 ] 

[3 5 agi_hi-fiis t o sf > rg<JoM#tc^»-txPig^fli<^^WJ$*^ ltu5. m 

45 . li *S H ^ * '£> pt>T* ^fiSOSGc to**3 H, ^ HI g&T ^ fi ffi G e J: *) 1 $ u jf s 
IP *> s 31 _h IflS^ & * tc & T 3 i± ft to* «b § i± H <7>«£»rffi tc 4? It -5 O S F ¥t± 

ffii&<7>mVtt)*T\z & <r> V ^-W^m qT*£> £ . z<^itali. 31 _hi-f MS^fficT-t -5 tc o tiT 
0 S F > r^to*#= * Ic^/Jn L . ESa^MS V o T- 0 iciR^-t £ . 
[ 0 0 2 2 ] 

mm (mm) it, ^B%^^^x^umtjmG c^m^^mmx^um^mG e tm-^ 

zii£ 0±§ < LfcJS^-. IP*>. 3l_hitilS^#? ft tcffi;T 5 -t±ftto*<b/&j|2 -t±/c^^B B H ^ 
ffliMMlztert z O SF ^Mi^jf^^ U^S^fb L tzMtrX. K-o^M J > K -y°#>M 
£>T°3h&« zcoMtrli. 0 S F ') > r^3b»«|/|x-ft W46"t S 31 itfiSft'lT L . *<7>Hgifi 

>)Mwazffi'kt>*i&z *) . m.m<oM£> t s ism c mnmm. v o o tciix^-tSc ip*> 

x Bal^ilSV o — ^<?>* *T 'J > r=g<7)JS^SJS3b*SlcftSo C.fttcJ:*)x ESffi^ilSV 
o <7)a£{f SSS^lSl^Kfi ?7X?^VCOP to*^£E L ft^Xfig 7 -J -coi^H 
to*W/£2ft£to»x KI^MJgV o fc*±fc s * fct+T? lift M3l_htt fcfftv^ibftS. 

[ 0 0 2 3 ] 

G e i: IB] - frz ft =k *) ± B < L M n . IP *> . 31 _h l-f ag £ * & * tc ffis T $ H± ft to* <b .ft $ 
tt *S II <?> 8* »r ffi lc *r It § O S F fE£$B&<7>ff2H*£ U^ff^tc L tzM£>X. R-o^M K 

-7>j|^T^4o z^Jt^a. mm (mm) tit^x. > r^^M^&se^mi/ge^ 

[ 0 0 2 4 ] 

d <r> J: 7 k: x G r own - i n y 'i -^KIdh^^W i^lc^i F § c J: 
iz «k ») . >; > -r O S F ^iaS^SH + ^ T « i" § Bal^iIS)b*±** 0 . ztilcJ:'?. as 

g r ownTiB^S^^^feHcifi^^X^^VCOPiij^fcL^v^G r own-i n 
XPfg ^ 'j-<^MSft*, fife* J: ») ^M^3l_hi-f iz «k *) W/^HTIIt ft^o £<^lc. tK«H- 
■^k: <k *) x Kfi ^^^7. ? <7>|££-t 5 TFi<7)3l § ±t-filJ$ V d )b*V d ' lc{&T"t £ 3 t tc 
J; *) x XP(g7 >; -fb<50^a6<?>3l±i-fiiSIEH3t?*B- C frh B' -C tcK**s*S^x MX 
ffii B B H ft^;.ELTflt^ii: ft ») x G r own - i nXffi7 'J - *S H <7> M it ^ S * •) 
L < raitS. 
[ 0 0 2 5 ] 

tK a K - 7' ^ US. & £ t> % Z> Z t tc Jc *) G r own-i n X Rg 7 - ft<7> a6 <7> 31 _h l-f if 
[ 0 0 2 6 ] 

1 3 0 0-1 3 9 0 °C<omU*m*X>- >; n > ^ -x- ^^HAiUlIi LfH5 L 7^Jf^x ^fL 

J^^$ ft* (^itt 1 : *SiE^ 1 9 9 9 ^6^30 FEffl J»H^^«g BX^frft&m 1 1 
OO0fiff^^^^x h p l l ) . fifeoTx 7K«^#t?^^'tt#fflf\ + TC ZISH^W^L 
fcig ^x *S!!^£PMc7> COP (8 1 1 OO'C) If; ii$5fi (fil 0 0 0 t)l 

c^Grown-in^Pg to*^JsK 2 ft £ fi® =k 0 t ^fig^c v^T x >• 'J =i > *S ^ 4» T jfi $ J 

-7k*ft ^<7>iit£-#jb*7f^2 ft* /ia^lc . ^JLfc J: v^^f W ^ M =i ^ com&fr&T-t & z 
t iz ft s o z CO a6 tc . ^JL^^S^ n > <^ Ml ti JflJ $ ft . COPfci^ifi^ 

Tx. y <7> ft v*. SfclH^ X fc*/J\ ?i>CZ| B B B **W^T' § -5 xC t tc ft * o 
[ 0 0 2 7 ] 



(^JL^Mm# t t£^tl5) ^T-§ 2 : E. lino. K. Takano. M. Kiraur a. H. 

Yamagishi : Material Science and Engineering B3 6 (1 9 9 6) 1 4 6—1 4 9 7k 
UyCW(3 : T. H. Wang. T. F. Ciszk . and T. Schuyler : J. Cryst. Growth 1 09 (1 9 
91) 155-161). * fz V/G $ uifffly 'J 3 >fS»^fr TT*l4. te^ 

>■ n >sy^*^x^ (te^ ra >• ^ ><^®m# <b ft& j&ftW) ^ficfc* 1 

ftubftTv** (£1*4 : Y. Sugit :jpn. J. Appl. Phys 4 (1 965) p 9 6 2 ) » 
[ 0 0 2 8 ] 

z<Dfzdb. m § _hi-fMS^ > 70SF «^<^^^i--SlSa^M^WTlc{&T^ •£ * < T 

*i^^+^#tf#HM4'T*c zax^i § ±w fcs^-x c o p <^^^mm^B % 

6*^331 § fctolc^ttffl*)^ x - ^ t LXi$. x. ftv-> z ic ft -5 . 

§ _hi-f <n%tx\z % . Hgfi * v x ? a «'J $ fts ISteW<7>2&£k: «k o T^ii#m 

^^x-Mt LTfJx^oc lc ft £ » 
[ 0 0 2 9 ] 

HI 6 lis C Z*SIIWj£Bftf>«SII*'frgBk: felt -5 1 1 0 OtlU^fi^T-^, ^?Lfc«kV 
*§^>. m □>^IISC vfcck^C i i: 31 B HflSV i: m^Wfflfiff T^fe^l^fig 
ftlrZG fc<7>itV/G fc<7>K^T*> 9 . *M ft»*n H ^ + a fttE-t Z> %t;<r> COPfci Utiit 7 

jb'JW ftj $ ft -5 II & * Mm -f 5 . ::X\ V o . Vc&yVdUfJifn^rOSFM 
. C O P & v & fi 7 7 7. ? ;b**S h h h * >frg& £ a & ^ ft </> - SB a £ j£ L *6 § B& Jg T* *> 
9 . Cv-OSF. Cv-COP^OfC i-disia, * ft f ft O S F M > r . CO 

p 7kvm& ?^7,9 fr^ffr-t zm^&xmmm-z^-t * 

[ 0 0 3 0 ] 

G r own- i n X Rg 7 'J - fig H ft* W fifc T* § £ =k 7 a IS H g ^ ft a V / G ft* . G c > G 

e mfa-zntz-t «k 7 a&trsftfc* -v h v*->^ft§ c z^p^fflv^x. *sn,^M-t 

* 31 IHfaStV oJ:^§<L TzUti (0 6 W ( H 2 ) =0 <7>if £0 . ^?U« 

fSt^^^PSaT^SC OP^it^tS. L- ^ L ft , *i^tfef HM + TC Z 
#5 H£W ( 0 6 <oH 1 . H2<^it^) a a. i: -5 

@ id3ft^?L<7)-il)5tti&r-t^o 3<?> g i^?L^-ilS^ffi:Tli^ H e H + ^**-iSSlc^# 
L. *3fejgJS**iS^^SB ir^JL^JS^iRTtt^g < fts. z ^m^l¥tt-f 

OSF 'i>r**4:^t^fcft<?)^§_hifISVoiJVo' . Vo" <?> =k 7 lc lc 
y 7 l L, COP fcft^)^l§±ifISVc tVc' . V c " <v «fc 7 lc ^a2M lc 

^7 i t § C t IC ft § „ 
[ 0 0 3 1 ] 

-^J. 31 § ±W IS^ V d J: *) t d^ < L- tz% tx ( H 6 <r> ( H 2 ) = 0 <7)if^) tc fl . 

fe?m>' >> ^ > frmm%&xmm t ft »> . tsfiiy^ c i > c i -- d i s 1 

#fe»Hm^Tff/^-t^Jt^ (06<^(H2) =H 1 *fcliH2«^) icti. fe^f^^ M 
=i > t 7Klfeib*iS^-#^^^i-^ fzdblz. gtftif Fly '1 ^v^ld^firt^o Sri o T 
. $5fl 7^7. 9 ^^R^-t § fzdb^y 31 S ±»f alS V d a . BSWigS C i - d i s 1 t -gCi" -5 
J: 7 tc. J; 0 fiII^)V d ' X li V d " (Cy7 Ff^c hlcft^. 
[ 0 0 3 2 ] 

m 6 ( H 2 ) =H 1 . H2^J:7 tC7K*il^)b*ffl^^ic{B:v^jt^-. V/G t)*1tft±% 
< ft * i: . ^JLag S C O P £ £ £ £ #> <?> Bft 1^ Jg C v- C OP «k ►) «t H < ft * fz db 
lc. C O P cotkf&lt^iklz tt«JfW $ ftftv^ft*. TK^ft'^fc L ftv^jf^- «k ») t ^?L'ilSft*ffi: 
T -t Z> fz ib \z . COP^-fMXtt'jN^ft*. 
[ 0 0 3 3 ] 

OSF > r^^^BSf^iiS V o ' itttVo* WT, fe± 7 9 t. 9 IE^<^ISa^ 

ISVd' t/it4Vd" lil±<^3l B JiWMS^iEHT-a. S?Lfci Vftf By 3><7)« 



n^mxm. ztzitm&tt Mi/ >m<r>*.mx&*>f££.'t& z 1 t 

tz. ^ ^ i *) x G r o w n - i n 7 V - t % Z> n\ % ± l-f IS<?) 

Z t to*T* § £ . 
[ 0 0 3 4 ] 

SfcOSF M > i; & W a %V / O^kW £ *) t V/ G to** § **it«toj£v>Jt£-ic li 

. 'J > r 0 S F tt*SH + 'kg&TB! cf COP to*^<?> ft fl| £ to*, ^c^^t >f Xii 

7ki»l K-7ic J: o T^JL«Jg a* IBs T c<M < & s „ * . c <?> if ic t » 

[ 0 0 3 5 ] 

l^^ts^SttifflM^l? C ZS \z J: 0 W j£3 ftfc x ^ B ^<^)^x - a^$, •) x a 

s g r own^Sg, IP % 31 § _h VF tz % % ^M^H^Slt & v^tlT- . ^ x - ^ j? $ 75 ft 
^ « T* IS b h h I ^] ^) ^ « ic C 0 P $ ^ I =5: u 5t ^ G r o w n - i n - ^ x - >\ \z 

[ 0 0 3 6 ] 

'J n > i|£ IS H <75 ^ i - >\ T *> o T s 

^i - ^^^^Tisn^^^^^Mtc c o p is * urnai v => y^ 1 ? £v*5c^ 

Grown-i nXl7'j--)i-n^ti, , - '^fiS j^te^W x 3 > fft§£ 
^iaX (te^lBx ziyMcoG rown-inXffi7'j ft^^SlMcJ: ±15 IS 

*^BHlCfeV>T. fulfil i - ;n to'lfc^Il 3 tlf-Jt ^IC. iff) IB ^ at - ^ <7> ffi ft 7? |Sj IC It 

3 IfcfilflriiJ&^iBJg i: XI? «k Z 4g tf> # *ff to* ±3 - t 2 ft~Z % & Z t lb* & >){ff ILv^ 

o 

[ 0 0 3 7 ] 

*fEBfl<7)>- >; 3>m^SaW^^^Hx C ZvSlc J: *) te^Hx n > ft 21 ii£ to* <b & £ G 
r own - i nX^7 'J - *S B H B tf ^t^^ftT^o 

**^#t?^v£'tti?BM*--<?>- =i >mi3Hr^l # ±i-f * 3 t lc i •) s 

ISHrST^ft^iaSUc C 0 P is J: Vife * 7 7. 5? , to*o. |&f V =i ^IffUM 

(te^lBx "J =i >M<7) Grown-inXl7'j <7)^ISH^^I § ±W HTil^P I 

^iaHl § ±if if S <7>iEH^ JE* L T . 

c^jfc^SttfcP I 4fiisfc3l § ±i-fMSIBH^^I § ±i-f ISTJ^I § ±i-f c t \z «k ») . 

| t s B e H i:iiiBig^t&^ -j 3 >fs^«tsx ( p i &m ttsctti*) ±iesis*flm l ^ 

o 

[ 0 0 3 8 ] 

*f&BHlcfcv^T. SO IBP I 4fifiS^I # ±i-fMS<?>fBH^. **^#^^rv^^^^ 

§ h o 

HUie^v$'tt#HMft'lcfclt^7K^^l^*»^PrtJEE71 4 . 0-9. 33kPa (30 
-70 torr) leW LT 3 %W± 1 0 %^T^IBHlca^3 tiT^S 3 *»T« § -So 
[ 0 0 3 9 ] 

'jcPrtff^Jtt. 1 0 tortW± *f I L < A3 0 torr~ 2 0 0 torr, £^lc.£Ti;L<S. 
3 0 torr — 7 0 torr^SiS Lv^ 0 f,p |*| j± 71 ^ T FI . tR*<^ 5>i± < * § t . MiiSfeJ; 

vffi^ a *<Dj<mmmfri&< zzrztb. z ti* K±-t s ^ tc ±ie<^ r m<v j± ~n * l ^ 
fr&y-t & z t\z & *) . ^-t^t-y-t^-^t^OT^bH^xLfcj^i^, at 6* 

^>^g^LfcS i O mtotxmmif^ L tc < < >5r S c i: ic =k *) . ISH ^coikMm&^M 

y 7^ ^^miz^r-t i> z tX'^m^^m^it^^iB^z-trzdb. z 



n h * wot-? z> tz db ic _hie<?> _h m<v j± ~n Mm l tz . 

[ 0 0 4 0 ] 

-#¥tmzis\^X It . _hK<^W^^aiCfclt-5 P I tfisHI § HflSII i: $ tifz^l § ±. 
IfMSlC «fc *) . «&<7>3i#Sli*gi §_hlf -5 C t Lvn 

$ h \Z . *%H^y 'J 3> ^i-^^)i]|^)iii, _hK<7> x V 3 > ^*d!bW/£7Jy£IC =): 
o T f ^ ti ^ i h h h ^ i - ^> t x 7 >f i: fc* HT B&T *> -5 . 

t — — a- j^a^jfe't - t & . 

[ 0 0 4 1 ] 

^sn^^Aii. mm >) ^^s&foiz mm lt fen («) $ 

[ 0 0 4 2 ] 

HfcJS + ^^lfeagJSH. ^ > M - <?> v£ Mil fc* <b M ffl * <?> tK Hi # JBE \z tfc # L T $ * 9 . 

p H2 = kC LH2^ PH2Hfi^*^*IM 

-^j. is n * <7> & a ft * ii s t mffi^M&x-m u *j . 

C SH2 =k ' c LH2 =(k'/k)P H 2 i: ^^ ;fl ^°- c ^ 
. C SH2 «*d B ^4i^**-il)S. k' li^f^x n >Si!*-^SW^><B*f^SCT*>* 

o 

[ 0 0 4 3 ] 
[ 0 0 4 4 ] 

MtfJy'ln^'Ji-Aii, P W (Polished Wafer. MM ^ x. - ^ ) fc i$ ffl £ 5 . 
[ 0 0 4 5 ] 

*fEBfl<7)>- >; =i > t; i - 7k*^a-fe^v$'P±#Hf\ + TW^^tl^i - >^ 

=? m is ') 3 > ff 2tft£ ( P I ««t ) ^Aib^^SChtJ:*), PV««t#i4^fcft^ 

T x ^ft^tu StiHigJga 10~20X10 17 atoms/cm 3 (Old ASTM 

F 1 2 1 - 1 9 7 9 ) x J: ») #f £ L < a . 12-1 8X1 0 17 atoms/cm 3 . 
Jt&WUMfilt : 450 °C - 1 4 0 0 *C . «k 9 *F * L < a * 1 1 0 0*C~ 1 2 5 0'CfBI : 
0 fHM_L <?> $E H k: 4 § £ 7 tc t££ of" |6 o ctUct^K ^*#ftt^tf>mS t ^ Xts 
Jc^DZiib^x-A^irtff L < ±9 — ic & £ hui ff ti t^i-ntfs: £*T £ 

o 

[ 0 0 4 6 ] 

* tz. Z<^m, m^^B^lztert zmmmS. [Oi]^10-20X10 17 atoms/cm 3 <r> 
ioHSHlcSSLT, R T A^m^is z & 7 - t iz «k 9 . D Z IS ff^ tc 4? it -5 r^* 31-^7^ 

t3 **±9 — lc fiS f^T* § ^. t 7 f$*i ^ 1 - ;n f § c J:^T'§^. 
[ 0 0 4 7 ] 

* fc. 3<7)^. m Id b 6 ! * lc 4? It -5 [Oi]*l 0X1 0 1 7 a toms/cm 3 

'14 it L * i: 7 fStl 7c 
[ 0 0 4 8 ] 

§_hl-f£Zi:tcJ:>K iSS^fSl^lc C O P i Vifi ^ 7 ^ ? t#lf , ^ o . t&T 



(P I &m t-f S C £lz J: ►) . G r o wn- i nXl7 - H B H £ 31 § _h if £ 

Sa6T§mc. 9 ^ &^^3I § _tW IgT G r o wn- i n^ffi7 ') -I^H, 

P I iii$3l § _h (f H S IE H t J 7k i 1? SI M tJ 5 i: tK^^o & i^Sttflt\ I t' 
i: T'ltm-tzmiz , _hi£ L fcMSi.^^^^l*l^llti^[^fiStrjieG^ft^-/^T^fbL & 
v^figT* tb^-t -5 ^ <r> £ -f £ . 
[ 0 0 4 9 ] 

M # ff3 ic a . if fig >• 'J^f^Gr own- i n Xm 7 - ( P I tftsl ) ^ <b & 
£ G r own- i n Xm ~7 >) - ^M^t^ 31 B _h W^m* P I 1M3I § ±i-f ilJ^IBH^ . * 
if fflMi:t^C iilcioT, *i^^v^icit^T4fgWi, £ <b lc It , S 1 0 C^t 

C </> i: § . OSF 'J> r <?> IE£3Rt!£ §/J^<t5:HT'§5 0 * . P V ^« ( 
1^)G r own-i n X fig 7 >) - 'ffiift) § £ li tK^ K - 7° ic J: o T ^ ft L # o o 
[ 0 0 5 0 ] 

^^BHtcfcv^Ttt. ftuie^^'[±f?fflt\*lcfctt§7k^-ilS^^PrtI± 1 OTorrlM_h 
. * & 3 0-2 0 OTorr. £9£fi;L<tt3 0-7 0 t o r r lz ft L T 3 % W _h 1 0%WT 
^IBffltc^^-t 5:tT\ _LK<7>$Bffllc 31 § _Li-f ilJg^ffi;* L T G r own — i n Xm 7 
'J - is '} n > ip- *S B ^ ^ 31 § _h IT £ 3 h fc* of |£ i: £ § . 
[ 0 0 5 1 ] 

*^BHlcfev>T li. _hie<^W^77Vi icfelt § P I ^tg£3l § _L if M S IE H jc 7 ic. Gr 
own-i n^Pg7 M - is n > ^ ^ 31 % _h if S <?> lz & P I T$i^3l # _h if il^fB 

T?l§±if5Cfcii»?§, 31 5* _h iflS^SSt J; 0§IlcfeC^oTG r own-i n 

-m*s^3i # ±w & - t h*^mt tc So -t&fc^. m-mmx'M^M. arz\$ 

. mm\zn®L<r>mm-?G r o wn - i nXm-7 ') -i^ B B H ^ 31 § iif5 r^tc. fife* J; ►) t 
^ISilf^f^aS^ffilSfbLTtStfeZioTtG r own-i nXffi7 'j -i^SH^ 
31 § _h if hT 16^31 # -hifMSfBH pff n 0 a H^*-t S ^*SH<^ 31 § _h 

mjfS Ht frh Mati- S >- ') > f - ^ <?> iSlat n x h * ^ W lz * 3 i: fr^ m £ tc & . 

[ 0 0 5 2 ] 

7k*^x^^nMlcov>Tti. ^J^-t * ^^il)^^ _hif * 5^***^ + 5> i: 4 0 . # < "t 
Sh*P|*Uc^$U*'J--?L£:i:tlc. Ml^ . S lc It & r 7 * £ C S f& C S . C <r> 

fcftfilcov^liO. 1 W±**ftf t L < . 3 Jil_kjb*!ff lc£f u L 0. 1 

%WT-?l±*5fe<^a&*fc*e i: A, < x *fc3%*SfT0. 1 % Jil _h T ti *«<^ a *> 

+^Tii*v\ ±Filcov^Tti. ffiffli-STFv^tt^xtc «k 
SS^K^^JS (#3 1 0#ff%) JilT***F* L < . Jfflc 8 ftft %WT^ff lc ^ * L v^ 0 
Jg^-x ilxtc^m^^p |*| \z ') — 9 LT W>AL fz £ LTt, Iit^:J:fl*<, ^^&t*^ 

[ 0 0 5 3 ] 
[ 0 0 5 4 ] 

^a + 'l>gPT<?>SS^BeG c S^liT^fiHOSG e «k *)^T'i> ») . 3l±lfil 

TJjiz^^tzv^rititizttzmn^ts v v ymm^m^x . mwmjt&m T-3i_hif * 



[ 0 0 5 5 ] 

G e > G c <r>m ale t . ^i^^Ilciot, ') > 7 0 S F feiVCOPHS 
B H H 45'^g^T^^ L *&#>■& Bain MS V o . Vclii«*L, Kft ? => * 9 to*1fc&0>-&K: H£ 



^ tc ti . COP^ifi^x^ii^^Gr o w n - i n X RB 7 »; - *g a ^ ft £ if 
31 § _hffMS<^^- x> li. G e < G c *mtz~tn a\z § t . ££L 

TG r o wn - i nX^7 'J - ^)S H H B ^iJp? § £ f z . Ge>Gc?Ge tGc^) 

§ v> Jf^lc tt, fct x.7k^^^^]n LT^Gr own-in Xm 7 'J - i: 4 -5 if v 
- x > li# h ft & „ 
[ 0 0 5 6 ] 

^^tm^ is ] ) ^ > x - ^<7>®iaH^v£lc is v^T ti . 7--^^iitltc 

■3 C T* s T — - ^ ^Lli i: LTli, fflxttRTA (Rapid Thermal Ann 

e a 1 i n g ) t £ ft & C i: B . 1 1 0 0 °C h 1 3 5 0 °C X . 0 _h . Ar if; 

it H e . £ N H 3 ^ # A r JtliHef HM^vn =): 7 # U x £° ^ ffl v> T C & 7 

ft 7 3 t * < x r <y 7 M > r IC fi8 fixT* § & mm *f ft ft^Sg x ^ X\ J: l/r N 

C <?>^ x t£*<7-> P Vfe i VP I , * tz It ] ) > r O S F 4RJsS3b*Sft L £|£*<7) Grown 

4PV ffii&is J: V 'J > rOSF 4HisST . iitfltitf^fS ^ X fc* P I ffiift t it $8 L 
<^>), ifc, D Z*S**» < x Mlctt. tam XT-^ifL^aicioT, 'i > 

fEBfl t c Jc £ P i 38 JsS <t> a <t> x - ^ffirt Ti5f— * G r o w n - i n Xfig 7 M — ^ i-a-j 
tt x 3 J: 7 * H 2 ft £ o 

[f&BH<7>^^] 



IfT . IS il^^ italic COPfei ^ife ^ => X n^liv^fly ^ > {%Mffii&cr> 
m*nHt^l § ±i-f oT^t -T -5 3 i: ic «k »J . ft*. v^fc*S G r own-i n - 
*S H H H * # _h i-f -5 F$ ic x #?gr k: & IfiH k: K£ L £ < T i± # <b * ^ o *3I S _h i-f 52 % 
E IfT, ffi^T §1 tc . ^o^* «k *) «t U^v^l § _h IflST G r o w n - i n XPig 7 'J 

[^B^^^^i-^, tzdbcom^mm] 

[ 0 0 5 8 ] 

13 7 i± x *^Steff^flS lC fctt « x n > miSHMiH^vS^^^-t^^lcii L C ZtP<?>ffi. 
Bf ffl EI T- *> -5 o 
[ 0 0 5 9 ] 

£-f. C Z^P^^itlc ov^Ts^B^i-^, „ 

CZlPli, ^^>^-rt<^*^SPk:ffia$ftfcitJft 1 ttJft 1 *>*M!lk:ffiH;*ftfcfc 
#fr±f ift 1 b T*«^-t *«3tT?*> Ox ^Mt Df i i ft § ^ }# lc J; 0 «k V 

#^SEift^ft-5o it m 1 <^±7^ic i±. p3Miff^^^M]«^# 7 a it btixv^, taa^# 

7 ti. HMT'^^fF 0 x P«3g^C^i&7 x ;u h L « it T *> -6 . taa^#7c7>l*|ffi 

o T * it $ -tt * «k 7 lc (3 X h u - h ffi \z Wttik $ ft X -5 o 



[ 0 0 5 7 ] 



[ 0 0 6 0 ] 

C cd C Z jp It . M *. It . eilli) s 2 1 0mm, * -f 1 M: fM It 1 2 0 0 mm <r> 2 0 
0 mm^f^ B B H f i: $ ft£o f LT, 7 k: «k »K ffim*>bffi-?<r> 

umtjmG c <)^ B H B ^jf^T^fisoffiG e tm-frzn* *> ±b < & * * -v n 

[iix.tt4 7 0 mm, M. TtQ \Z is It £ It^ ft & S It M *. It 2 7 0 mm . ¥ £ 7? l«J ^> *i W ti 
0 J £ It 1 0 0mm. jgfrp3lt6ffl"e*>Srtffl<7>Sii.^l«IlcWi-Sffi§tt1W^.li2 1 ° b ~? & 
. * o 1 <^ ftStitfOx. It 5 5 0 mmT*> *) . 7 <7) T SW <^> H* * ffl ^ h<r>m 

£ H li #J 2. It 6 0 mmT*!)^, 
[ 0 0 6 1 ] 

_LKHfffl1f]^iji*DB^W/£^g%fflOT3l § _hff^ff ^S^^ Hftj&^'b 1 3 7 0*CIT 
60fifi^l«lMSSJKli. ^*SHr*'l>g& ( G c ) X 3 . 0-3. 2t/mmT?35*). ^1395 ( 
G e ) TMi 2 . 3 - 2 . 5 'C/mmT\ Gc/Ge li #9 1 . 3 i: 4 * . d <?> AS tt . 31 B 

[ 0 0 6 2 ] 

tfOC . G r o w n - i n Xfoi^ ') - Z rzdbn&m&ftn&feftftlz^^X 

[ 0 0 6 3 ] 

mm-^fz £ *.\S 0 . 0. 1. 3. 5. 8. 1 0#i%^S^tt$^L, *ft-?ft<7>&#-? 
a^itS. Mx.\t2 1 0mm<?)#iSS*fJfit-6. 
[ 0 0 6 4 ] 

Wb. £ o Brfl ic^frfcjgx V n > <7> It 1 3 0 k g L . ^i^^f f\ft 
ft* * pff ffl<?) fft x 0acmlc>5:§J;7l:pI (B, A 1 , G a # ) IfcttnK 

P , As, Sbf ) <7)h* h *^/jn-t*. Hgft^T 7 >i ^>fHMT\ MJE<?> 1 . 3 

3-26. 7kPa (10-200 tor r) L . * T ;u =f > ic *t L T 1 0 #f* % 
_hie<5O0f^vSa-it* i: ^ l> J; 7 ic L X fp \H lz flE A 2 * . 
[ 0 0 6 5 ] 

-y ? 5 tcSX 0 ttl+fcHflSilfcHlli* 3 \zmm L . § o is l «fc <^3I § ±W tt 4 -tfo 
o *S H, 31 # _h i-f % c £ i . *S H fi ti { 1 0 0} . {1 1 1 } * li { 1 1 0 } <?o -f 
n*^L, *S Ik & ft >* - K O 3 £ o fc^. ^ a ^ -tf. 

[ 0 0 6 6 ] 

# t» a £[J 3 0 0 mmlcIL fete, 31 § _h i-f ISt ESS ^IS «fc •) t 5t^A 

#0xtil. Omm/mi nlcilL, * co ^\ B _h l-f ^ $ \z m C X e ii.^ » ic 31 
§ -kl-fMM&T 3 #7* >f ^ $ **#J^ 6 0 OmmlcILfcU icea^il)^ J: *) ^ 'h 
Z^mZ-ltO . 3 m m/m i n i: J: 7 l: L, ^ <^> & l± C </> 31 B _h l-f MS T- M *. It 1 2 

[ 0 0 6 7 ] 

c <7) jc 7 tc l t . ^^*7K*-iiST-w^^ ft^**s^^3i t -hi-fttt-jfto xm.m *) L x 

31 S _hl-fttfi^^#t?«^Mn-^fF«i L x Grown-in A Fig <?> 5> *P * lit * a6 lc 
. C urnL-y 3 >^ft7. -?-ft^ft<^l^>T-*itft«t»*tg*k:««Lfc^i^ie 

j* l x liiH^^T 9 o o tt\ 2 o frnm&>BMm*M-t» ^<o^, ufrmmto c u 

>f K Sfctf>lc. HF/HN03 + tc L . 8C+ 5 9 a 

5> ft * in s -t -5 o * . z cd x 7 >r x c o p <nmm. * . m 2. it o p p ^ . fee ^ ^ x 

?^SSt«£aS e c c o ac-y ^> ^vi tc T ^ ft ft W3c-t * . 



[ 0 0 6 8 ] 

:wj;7G e/G c > 1 Smfz-t § iifi^^fflv^Tf^^ tlfzffi&oXffift 

mm (-^-^>) 

o * *> . El 4 E ' - C ' T*^tJ:7lc, SILi^Gr own-i n^ffi7 'J-^S« ( 
P Vffim "2$>zmmffiltiiJlMmt&t . m^m>- =i >M<^ G r o wn- i nX^7 <; - 
ffiiti ( P I ki^45Gr own-i n 7 -i£*Si§tf> 7 *> . ^HM^JTti 

. - C ' T^tP I 4R&<7> biUr own-i n X P(g 7 M -$IS H H B ^^| 

o iz ^-t jc 7 \z tk* 4 l m a \z it ^ t . 4f j-up i v - s> > ti as*-* -6 o 

±IB<7> Jc 7 431 § ±W mmiz «k o T . COPM, OSF VMGrown 
- i n Xm -y >) - ffiiti ( P V ^iaX ) UiVIIGr own-i n XFfg 7 >; - ( P I & 

« > s ^ * 9&&w<n&xMmt&<7)v/c, t*mmmt<7)m& cms) **#^>ti* 

o 

[ 0 0 6 9 ] 

31 § ±W3f Jgfc^ffcS -t±5feg^. 3 0 0 mm*^ 6 0 0 mm, 5 0 0 mmfc*«b 
8 0 0 mmfc =k V 7 0 0 mm^<b 1 0 0 0 mm £ 7 lc a 4 5 SB -fe SIC fii flf Hife 5 3 t T* 
. G r o w n - i n Xm 7 ') -it^fzdb^^l § ±i-filJg$EH ( v- ^ > ) i: *S H $4 ?J ft 
B t <r> m & ( El 9 ) to*$< #> <b ft -5 o c <?> EI 9 b . Gr own-i nXP87 >j-|ijgg« 

[ 0 0 7 0 ] 

[ 0 0 7 1 ] 

o T x h 7 7 , ^b**FiAlT*-*i^l5G r own- i n X fog 7 «; - <r> ffc H <t> W f& HJ 
[ 0 0 7 2 ] 

f *l^h'-7*t^:htcJ;oTGr own-i n 7 M - 4 5 31 § _L l-f iM 

S<?)|BH (v— fc'EI 9 lz^~f «k 7 ^*<^tK* H - 7°4 L <?> IE Hfc>«bH*& 

tc^i- «k 7 tcSI^lc^^-t 5 ZhlcioT, Grown-in 7 -JKS^flSljt^S 

* *) itmmm \zmx-t 5 . 

[ 0 0 7 3 ] 

El 9 <?>HJj«T^$ ftfc±Rlf6J}l±-?±Rlffttf> 1 . 7 ^SSWrt^ilJStc^l § _hi-f 
51 Jg * Wtfe L fclg . Gr own-i nXili^^lcii? v-lc^^^v^*, ^ 4 X 0 
. 1 fx mlMT<7)C 0 P fr^Znzffi^n^mfr^mt ^i^i^^tffli^L 
tR * * t ^ =f > # ^ # H f\ * T* <7> t - - ;u tc J: o T x HI ^ralU^i^ 

^^Hfiff Grown-in XF§7 ') - t f § z t ^oT^t 45. L . XP(g<^ 

^4X^0. 1 MmWTT-fc^fcftt, 1 1 1 0"C/2h rgg^T^-iT'ilii^ 1 
fx mgg^)^^ <*>4BisS-?7c£lc COP -t± 5 c i: ^hj^ us. 

^flZ<?)S tit ^PW ( # -J 7 y ^ 7 i - m , If® -^i-a) fcLT^^MXiilCffl 
UKJ: )b*T- §51, SOI m<7>^M. t U «t *fflT?*>5 . 
[ 0 0 7 4 ] 

* % lc 4? T 3 ^ ^ ;U X df- - IC J: o T tK^ * H - 7° L i/ ') n > ^ IS H % W ~t 

&\zMn. ^mizm.MfrWMzn-z^zfr^fritmhfLft^SjcDT-ab*). v^osaiig* 

Ed fln -r 5 m c z vS t # * ft 5 o 
[ 0 0 7 5 ] 

C zat «k 0 P)fa^lt<^7K* t 5 . y ';3>tJBS«i!i , S'b*l5fc, -ft 

tlt^llDl^a lc Lf;*n\ I D v-mtzHi 4 ^ v -i^)tWIIT' x ^ >f 7. Lfc& 



[ 0 0 7 6 ] 
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